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Abstract 
To assess the ingestion of radionuclides from uranium mining and milling tailings and other sources related to the legacy of 
uranium mining, several meals from villages in the region were analyzed. For comparison, it was analyzed a meal prepared with 
non-local products. Local homemade meals contained much higher radioactivity than the comparison meal. The highest 
concentrations were consistently those of 226Ra followed by uranium and 210Po. Ingestion of local foods by the most exposed 
population group (critical group) might exceed the recommended dose limit for members of the public, i.e., being higher than 1 
mSv/year above the natural radioactive background. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The environmental radiological monitoring of old uranium mine regions is performed annually by the IST/LPSR 
in order to fulfill European Union Member State obligations derived from the EURATOM Treaty, in particular Articles 
35 and 361. The aim of such monitoring program is to keep updated knowledge on environmental radioactivity, to 
identify undue exposure of population members to ionizing radiation from uranium mining and milling waste, and to 
identify dispersion and transfer pathways of radionuclides from those wastes in order to abate  
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radiation exposure of Population. Radioactivity exposure pathways of humans include external radiation, inhalation 
of radon and dust, and ingestion of radionuclides with the diet. In uranium mining and milling areas the existence of 
spoil heaps and mine drainage into water streams, may easily lead to accumulation of uranium series radionuclides in 
vegetables and other agriculture products, thus entering the food chain2-6. Although vast surveys of the areas around 
old uranium mines have been performed for monitoring the dispersal of radionuclides in the environment, the most 
realistic assessment of the radionuclide intake is the direct measurement of radioactivity in meals cooked by local 
families. In a preliminary study using this method we collected meals in villages near uranium mine sites and analyzed 
them for radionuclides. Radionuclide activity concentrations determined were used to compute the radiation dose 
through ingestion for adults and children. 
 
2.  Materials and Methods 
The collaboration of several families regularly consuming vegetables and legumes from their kitchen gardens was 
requested. These were located in the village of Cunha-Baixa, close to the old uranium mine with the same name, and 
in the village of Caldas de Felgueira, on the banks of Ribeira da Pantanha stream flowing through the Urgeiriça mining 
and milling area7. To the families were given plastic boxes with tight closure for collection of homemade meals. These 
consisted of vegetable soups, a popular diet item for daily consumption, made with vegetable products from their 
kitchen gardens.  A total of 8 meal samples were obtained, 6 from Cunha Baixa and 2 from Caldas de Felgueira. For 
comparison, a meal was purchased in a restaurant in the region where food was prepared with products purchased in 
the supermarket and originated in non-local production. This reference meal was composed of a cabbage soup and a 
dish of rice, salad and pork meat. 
Meals were kept frozen until freeze drying in the laboratory. The resulting dry powder was thoroughly homogenized 
and sample aliquots were taken for analysis of uranium and thorium isotopes, 226Ra, 210Pb and 210Po. The chemical 
separation of radioelements and their determination by alpha spectrometry, as well as the analytical quality assurance 
procedures followed are described in detail elsewhere8-11. 
Activity concentrations of radionuclides are given in Bq/kg (fresh weight). The committed effective radiation doses 
for adult and children were computed using the concentrations determined in the meals and the activity to dose 
conversion factors recommended by the International Commission on radiological Protection (ICRP) and adopted by 
the EU and the IAEA12,13. 
 
3. Results and Discussion 
Results of radionuclide analysis in the meals showed larger concentrations of uranium series (238U) radionuclides 
than thorium series (232Th) radionuclides (Table 1). The average activity concentration of each radionuclide in these 
meals may be compared with concentrations determined in the reference meal (Table 2). Generally, radionuclide 
concentrations in the meals from villages were significantly higher than in the reference meal. For example, on 
average, 226Ra concentrations were 20 times, and 210Po concentrations were 60 times higher than in the reference meal. 
In the case of Cunha-Baixa this was due to the use of vegetables produced in kitchen gardens near the mines and mines 
waste heaps in the preparation of family meals. Kitchen gardens at Cunha-Baixa are located in fields along the water 
stream receiving discharges of mine drainage. Water from this water stream and from irrigation wells nearby is 
contaminated with acid seepage from past uranium mining activities and contains relatively high concentrations of 
dissolved radionuclides, such as uranium and radium14. The kitchen gardens at Caldas de Felgueira were irrigated with 
water from the Ribeira da Pantanha stream, which for many years received drainage and wastewater from Urgeiriça 
mine and milling area15. 
Radionuclides that were consistently high in all meals were 226Ra, followed by uranium isotopes (238U, 235U, 234U) 
and 210Po. This ranking of radionuclide accumulation in vegetables is the same as determined in analyzed fresh 
products from the region, i.e., without cooking8,15. Radium-226 in the meals from the villages averaged 5258±6356 
mBq/kg (fresh weight) which can be compared with the reference soup with 262±22 mBq/kg fresh weight. The main 
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dish of the reference meal with rice and pork meat was even lower, with 38.3±4.6 mBq/kg. It was also noticed that the 
meals from Caldas da Felgueira were higher in 226Ra activity concentrations than those of Cunha-Baixa (Table 1). The 
accumulation of radionuclides from mine drainage, and especially the accumulation of 226Ra by wild plants growing 
on sludge and agriculture crops had been reported before, and it was related to irrigation with contaminated water16-18. 
 
Table 1. Activity concentrations of radionuclides (mBq/kg fresh weight) in family meals from villages near uranium mines. 
Sample Origin 238U 235U 234U 230Th 226Ra 210Pb 210Po 232Th 
Soup #4 Cunha Baixa 223±7 10.2±1.1 212±7 53.8±6.6 6764±649 172±12 145±9 15.8±3.5 
Soup #5 Cunha Baixa 340±11 15.7±1.8 330±11 290±16 4787±308 280±18 174±9 14.2±2.0 
Soup #6 Cunha Baixa 266±10 12.4±1.6 285±10 140±22 2367±151 153±8 144±11 23.9±9.8 
Soup #7 Cunha Baixa 189±7 8.5±1.2 186±7 63.3±12.5 5187±757 141±13 1255±25 2.4±0.3 
Soup #8 Cunha Baixa 10.6±0.7 0.25±0.07 11.7±0.7 88.5±27.1 1578±188 95.0±8.8 39.2±2.3 0.9±0.4 
Soup #9 Cunha Baixa 6.8±0.3 0.16±0.04 6.9±0.3 8.1±0.9 136±6 210±16 4.1±0.2 0.16±0.11 
Soup #10 Caldas da Felgueira 1624±48 78.5±6.3 1577±47 428±92 1282±64 185±13 170±9 44.8±18.9 
Soup #11 Caldas da Felgueira 310±13 21.9±3.3 289±12 138±10 19966±3353 15.2±1.1 7.9±0.6 8.8±2.4 
Maximum - 1624 78.5 1577 428 19966 280 1255 44.8 
Minimum - 6.8 0.16 6.9 8.1 136 15.2 4.1 0.16 
Mean - 371 18 362 151 5258 156 242 14 
Standard 
deviation - 521 25 506 140 6356 78 415 15 
 
Table 2. Activity concentrations of radionuclides (mBq/kg fresh weight) in a restaurant meal cooked with non-local products. 
Sample Origin 238U 235U 234U 230Th 226Ra 210Pb 210Po 232Th 
Soup  Caldas da Felgueira 12.3±1.0 0.51±0.16 16.2±1.1 255±202 262±24 20.6±1.7 4.1±0.4 <18 
Main dish  Caldas da Felgueira 7.4±0.9  0.32±0.09 14.8±1.4 8.0±1.5 38.3±4.6 39.2±5.5 48.1±8.5 1.2±0.5 
 
Assuming a consumption rate of 1 kg/day of soup made with vegetables from the local production, therefore using 
a conservative scenario, and applying the activity-to-dose conversion factors, the radiation dose computed for the 
members of this critical group for radionuclides analyzed, might average for a child (2-7 years old) 1.7 mSv/year and 
reach a maximum of 4.6 mSv/year. For the adult person (>17 years old) the annual average dose from ingestion would 
be 0.71 mSv/year with a maximum of 2.1 mSv/year. These estimates of the annual dose rate due to the ingestion of 
local foods are one order of magnitude higher than for the reference meal (Tables 3 and 4). 
The largest contribution to radiation dose from the diet comes from the 226Ra in vegetables (Fig. 1). It was noticed 
also that 210Po concentration in vegetables from villages was higher than in the reference meal and therefore the relative 
contribution of this radionuclide to dose was higher as well. 
4. Conclusions 
The determination of radionuclides, mostly of the uranium family, in homemade soups prepared with vegetables 
and legumes from local production in villages near old uranium mines, showed that local population has higher 
radionuclide intake than populations at large and must be considered the most exposed (critical group) amongst the 
general population. This higher intake comes from the transfer of radionuclides originated in uranium waste to 
vegetables grown in the family kitchen gardens, followed by consumption. Previous work has shown that dispersion 
of radionuclides with water used for irrigation is the main pathway for the uptake of radionuclides, such as 226Ra, by 
plants16, 17. The computation of the radiation dose due to radionuclides ingested with the diet indicated that there are  
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Table 3. Effective radiation dose extrapolated to annual basis (mSv/year) for members of the population computed on the basis of the analyzed 
meals from uranium mine areas. 
Sample Origin 
Absorbed radiation dose from ingestion  
(mSv/year) 
Age group: 2-7 years Age group: > 17 years 
Soup#4 Cunha Baixa 1.9 0.81 
Soup#5 Cunha Baixa 1.6 0.67 
Soup #6 Cunha Baixa 0.93 0.37 
Soup #7 Cunha Baixa 3.3 1.1 
Soup #8 Cunha Baixa 0.51 0.21 
Soup #9 Cunha Baixa 0.21 0.069 
Soup #10 Caldas da Felgueira 0.87 0.34 
Soup #11 Caldas da Felgueira 4.6 2.1 
Maximum - 4.6 2.1 
Minimum - 0.21 0.069 
Mean - 1.7 0.71 
Standard 
deviation  1.5 0.65 
 
 
critical groups that may receive through ingestion an annual effective dose exceeding the maximum recommended 
limit i.e., 1 mSv/year from radionuclides and exposures related to practices. 
Table 4. Effective radiation dose extrapolated to annual basis (mSv/year) for members of the public computed on the basis of the comparison 
meal made with non-local products (restaurant). 
Sample Origin 
Absorbed radiation dose from ingestion  
(mSv/year) 
Age group: 2-7 years Age group: > 17 years 
Soup  Restaurant 0.09 0.036 
Main dish  Restaurant 0.12 0.04 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Relative contribution of radionuclides to radioactivity determined in soups prepared with vegetables from different origins. 
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This preliminary study was based on a small number of meals collected in villages of the uranium region, and a 
larger investigation on local diets and encompassing more villages is now underway. Notwithstanding, these findings 
advice focused attention on mine drainage and irrigation water, including specific measures to control the quality of 
irrigation water in order to abate radionuclide accumulation in agriculture products and to reduce human exposure 
through ingestion of agriculture products.  
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